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This paper presents the results of the ﬁrst excavation campaign of the Artusia rock shelter in Unzue, Navarre,
Spain. Chronocultural andarchaeobiological analyses revealedﬁve different occupationphases (Artusia IeV)
within the regional Mesolithic timeline, speciﬁcally in the Mesolithic of Notches and Denticulates (Artusia I
and II) and theGeometricMesolithic (Artusia III, IV, andV). In addition, the studyof the sedimentological and
palaeoenvironmental evolution in the entire record helped to clearly deﬁne several climatic events which
developed around 6550 cal BCe8500 cal BP and 6250 cal BCe8200 cal BP. Here, we present a description of
these events and their (pre)historical interpretation with the aim of recognizing how they inﬂuenced the
Mesolithic hunteregatherer groups living in the Ebro Basin of the Iberian Peninsula.
© 2015 Elsevier Ltd and INQUA. All rights reserved.Lydia Zapata, in memoriam1. Introduction
In recent decades, the study of theMesolithic in the Iberian Ebro
Valley has focused mainly on the deﬁnition of different phases in
accordance with the lithic industry as well as on the publication of
several time series. Questions relating to subsistence and envi-
ronment have also been addressed which results suggest an
intense, planned and diversiﬁed type of exploitation and economy.
The publication of a variety of monographs on particular sites
(Barandiaran-Maestu, 1978: Botiquería dels Moros; Barandiaran-ínez de Lagran).
reserved.
artínez de Lagran, I., et al., 8
elter (Unzue, Navarra, SpMaestu and Cava-Almuzara, 1989: Costalena; Alday-Ruiz, 1998:
Kanpanoste Goikoa; Barandiaran-Maestu and Cava-Almuzara,
2001: Aizpea; Cava-Almuzara, 2004b: Kanpanoste Goikoa: Utrilla-
Miranda and Rodanes, 2004: Los Ba~nos; Alday-Ruiz, 2006a: Men-
dandia; Utrilla-Miranda and Mazo, 2014: Forcas II; etc.), and the
organisation of monographic congresses on two of the different
phases (Alday-Ruiz, 2006b: Mesolithic of Notches and Denticu-
lates; Utrilla-Miranda and Montes-Ramírez, 2009: Geometric
Mesolithic) indicate the increased interest in these issues.
However, aspects related to palaeoclimatic and palae-
oenvironmental changes and their inﬂuence on the historical
evolution of Mesolithic groups have only been tackled in recent
years (Gonzalez-Samperiz et al., 2008, 2009; Utrilla-Miranda et al.,
2009; García-Martínez de Lagran, 2012). From this perspective, the
data obtained on the Artusia rock shelter help to reinitiate the.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e232debate, even to amplify it, as they shed light not only on the
palaeoenvironmental changes occurred ca. 8200 cal BP. The
palaeoenvironmental data from several analyses, together with
radiocarbon dates and the study of archaeological materials allow
construction of an unusually clear picture of the 8.2 ka BP event and
its consequences for the evolution of these societies.2. Archaeological site: discovery and geographical framework
The Artusia rock shelter is located at Unzue, a small village in the
eastern part of Navarre, in the Valdorba region (Fig. 1). This
archaeological site was discovered in 1996, and the preservation
problems that this rock shelter faces due to the erosion derived by
the Artusia stream are highlighted. Artusia is located, as are many
other Mesolithic rock shelters from the southern Pyrenean slope,
on a rock face, to which morphology refers its name in Basque
(Arluxea¼ long crag). It is located at the southern slope of a narrow
pass that the Artusia stream excavated between the Alaiz Moun-
tains on the north, and the Unzue Crag on the south (Fig. 1). The
rock shelter is ﬁlled by a stratigraphic package cut lengthwise by
the stream that exposes the different archaeological levels which
form most of the sequence (Figs. 2 and 3).
The area where Artusia is situated represents the geological,
climatic, ﬂoristic and politico-administrative border between the
pre-Pyrenean Pamplona Basin and the Ebro Valley (Floristan-
Samanes, 1995: 450). The transitional nature of this area was
surely valued by prehistoric settlers. Two other factors could also be
considered of importance for these ancient populations: i) its
proximity to one of the main communication routes between the
mountains and the Ebro River Valley which has been used through
millennia as pathway (Royal ca~nada, Royal Road, railway, national
road and motorway) and ii) the possibility of quick access to two
distinct biotopes, the Alaiz Mountains in the north, peaking at
1100e1150 m.a.s.l., and the glacis formations of El Carrascal foot-
hills in the south and the west. The area currently has a sub-
Mediterranean continental climate, showing a clear asymmetry
between the northern side of the Alain Mountains, with strong
Atlantic inﬂuence, and the southern side, where the site is located,
with a sunny microclimate. The average annual rainfall ranges from
450 to 1100 mm and the temperature between 11 and 14 C. The
peculiarmicroclimate of the rock shelter is due to its location on the
sunny southern side.
The archaeological work carried out in the Artusia rock shelter
was a rescue excavation due to danger of collapse. It was promoted
by the Institution Prince of Viana, Government of Navarre and the
two short archaeological campaigns conducted during 2009 and
2010 were directed by Dr. Manuel Rojo Guerra (Dept. Prehistory,
University of Valladolid, Spain).Table 1
Mesolithic of Notches and Denticulates and Geometric Mesolithic dates in the Ebro Basi





Context Lab. BP ± ca
Agut 4.7c OxA-10050 10085 60 97
OxA-10074 10060 65 97
OxA-10051 9895 60 96
Agut 4.7a OxA-10049 9185 60 85
Angel 1 8d GrA-22826 8390 60 75
GrN-15518 8060 70 72
Angel 2 2b GrN-22836 8310 60 75
Artusia I Beta-374433 8260 40 74
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The two campaigns undertaken on the Artusia rock shelter were
conditioned by the site peculiarities. The main goals were: i) to
recover part of the sedimentary sequence in danger of collapse and
ii) to recognize in detail the rock shelter stratigraphy. With this
purpose, the excavation focused on three different parts of the
stratigraphic package (Figs. 2 and 3):
- Sector A: located on the southern part of the site presents a
stratigraphic sequence ~5 m deep. The deepest part is under-
neath the riverbed. The excavated surface was uneven, ranging
between 0.5 and 3 m2.
- Sector B: on the central part of the sedimentary package, it is
3.5 m deep. A 50 cm-width strip was dug with the aim of
obtaining a thorough understanding of the stratigraphy that will
allow interpretation in conjunction with Sectors A and C.
- Sector C: located on the northern part of the site, it is the area
most affected by erosive processes and danger of collapse. In the
2009, campaign an approximate surface of 0.5m2 and 3m depth
was excavated; while in the 2010 campaign the surface was
enlarged, reaching 1.5 m2 and 1.5 m depth.
A total of 124 stratigraphic units were documented during the
excavation. They form a superposition of up to ﬁve phases
archaeologically framed during the Mesolithic, and with several
occupational phases.3.1. Archaeostratigraphy
3.1.1. Artusia I e 1st phase of the Mesolithic of Notches and
Denticulates
This is the oldest occupational phase in Artusia, and it is docu-
mented in Sector A only, the sector with the deepest excavated
proﬁle (Fig. 3). However, it is envisaged that this occupational phase
was also present in the other parts of the rock shelter. This phase is
characterised by a rich level (SU 65) that extends under the
riverbed. Abundant faunal and ﬂint remains were recovered
together with charcoal remains derived from successive human
occupations. The last of these occupations left several hearths (SU
58, 61) on SU 65 that are characterised by a succession of ashes,
rubefacted red areas, and abundant charcoal.
Both the lithics found in these stratigraphic units and the
radiocarbon dates obtained in SU 65 (Context: Occupation level;
Sample: Corylus charcoal; Beta-374433: 8260 ± 40 BP;
7461e7145 cal BC, 9410e9093 cal BP, Table 1, Figs. 3 and 10) indi-
cate that Artusia I is framed within the Mesolithic of Notches and
Denticulates (Alday-Ruiz, 2006b).n.
l BC-2sa Sample Ref.
52e9331 Charcoal Vaquero-Rodríguez (2006)
29e9319 Charcoal Vaquero-Rodríguez (2006)
24e9251 Charcoal Vaquero-Rodríguez (2006)
55e8286 Charcoal Vaquero-Rodríguez (2006)
77e7326 Charcoal Montes-Ramírez et al. (2006)
87e6701 Charcoal Montes-Ramírez et al. (2006)
17e7183 Charcoal Montes-Ramírez et al. (2006)
61e7145 Charcoal Unpublished
.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Table 1 (continued )
Mesolithic of Notches & Denticulates
Artusia II Beta-374432 7790 40 6689e6507 Charcoal Unpublished
Atxoste V GrA-13448 8030 50 7082e6709 Bone Alday-Ruiz (2006a,b)
GrA-13472 7830 50 6906e6508 Bone Alday-Ruiz (2006b)
GrA-13447 7810 40 6751e6511 Bone Alday-Ruiz (2006b)
Atxoste VI GrA-13473 8840 50 8210e7757 Bone Alday-Ruiz, 2006b
Atxoste VI GrA-15699 8760 50 8166e7606 Bone Alday-Ruiz (2006b)
Atxoste VI GrA-15700 8510 80 7721e7361 Bone Alday-Ruiz (2006b)
Balma Guilanya C Beta-186168 9410 60 9112e8490 Charcoal Martínez-Moreno et al. (2006)
Beta-185064 8680 50 7933e7587 Charcoal Martínez-Moreno et al. (2006)
Ba~nos 2b1 GrA-24556 8040 50 7137e6769 Charcoal Montes-Ramírez et al. (2006)
GrA-21552 7740 50 6650e6473 Charcoal Montes-Ramírez et al. (2006)
Berroberría B GrN-18424 8800 80 8211e7646 Bone Alday-Ruiz (2006b)
GrN-18422 8580 80 7821e7484 Bone Alday-Ruiz (2006b)
GrN-16619 8470 80 7612e7331 Bone Alday-Ruiz (2006b)
Berroberría C GrN-18426 8630 70 7934e7537 Bone Alday-Ruiz (2006b)
GrN-16618 8510 90 7735e7352 Bone Alday-Ruiz (2006b)
Filador 2 OxA-8658 8515 50 7601e7500 Charcoal García-Argüelles Andreu and Fullola-Pericot (2006)
AA-13411 8150 90 7456e6829 Charcoal García-Argüelles Andreu and Fullola-Pericot (2006)
Forcas II Ib Beta-59997/CAMS-5354 8650 70 7938e7570 Charcoal Montes-Ramírez et al. (2006)
Kanpanoste Goikoa III-inf GrN-20215 7620 80 6639e6403 Bone Alday-Ruiz (2006b)
Kanpanoste Lanh-s GrN-22440 7620 70 6630e6406 Bone Alday-Ruiz (2006b)
Kanpanoste Lanh-i GrN-22441 8200 70 7451e7059 Bone Alday-Ruiz (2006b)
La Cativera A AA-23367 7979 60 7055e6696 Charcoal Vaquero-Rodríguez (2006)
Legunova 1 Gra-22086 8250 60 7468e7083 Charcoal Montes-Ramírez et al. (2006)
GrA-24292 8200 50 7351e7066 Charcoal Montes-Ramírez et al. (2006)
Legunova 2 GrA-24294 8800 60 8205e7662 Charcoal Montes-Ramírez et al. (2006)
Mendandia IV GrN-22744 7810 50 6802e6502 Bone Alday-Ruiz (2006a)
GrN-22715 7780 40 6680e6506 Bone Alday-Ruiz (2006a)
Molí del Salt sup Beta-173335 8040 40 7082e6813 Bone Vaquero-Rodríguez (2006)
Pe~na 14 b GrN-25998 8000 90 7162e6649 Charcoal Montes-Ramírez et al. (2006)






Context Lab. BP ± cal BC-2s Sample Ref.
Angel 1 8c GrA-27278 7955 45 6861e6643 Charcoal Utrilla-Miranda et al. (2009)
GrA-27274 7435 45 6408e6229 Charcoal Utrilla-Miranda et al. (2009)
Angel 2 2a Beta-254048 6390 40 5474e5328 Bone Utrilla-Miranda et al. (2009)
Aizpea I GrN-16620 7790 70 6749e6471 Bones Barandiaran-Maestu and Cava-Almuzara (2001)
GrN-16621 7160 70 6211e5904 Bones Barandiaran-Maestu and Cava-Almuzara (2001)
Aizpea II GrN-16622 6830 70 5876e5622 Bones Barandiaran-Maestu and Cava-Almuzara (2001)
GrA-779 6600 50 5621e5481 Human bone Barandiaran-Maestu and Cava-Almuzara (2001)
Atxoste IV GrA-13469 7480 50 6435e6243 Bone Alday-Ruiz and Cava-Almuzara (2009)
GrA-13418 7340 50 6359e6071 Bones Alday-Ruiz and Cava-Almuzara (2009)
Artusia III Beta-374431 7680 40 6598e6453 Charcoal Unpublished
Artusia V Beta-379670 7210 30 6205e6009 Charcoal Unpublished
Atxoste IIIb2 GrA-13415 6940 40 5967e5730 Bones Alday-Ruiz and Cava-Almuzara (2009)
Botiquería dels Moros 2 GrA-13265 7600 50 6587e6386 Cervus Barandiaran-Maestu and Cava-Almuzara (2000)
Botiquería dels Moros 4 GrA-13267 6830 50 5833e5633 Bone Utrilla-Miranda et al. (2009)
Cabezo de la Cruz UE 1398 GrN-29135 7150 70 6210e5893 Charcoal Rodanes-Vicente and Picazo Millan (2009)
Forcas II II GrN-22686 7240 40 6214e6029 Charcoal Utrilla-Miranda et al. (2009)
Breta-250944 7150 40 6082e5922 Bone Utrilla-Miranda et al. (2009)
Kanpanoste Goikoa III GrN-20214 6360 70 5485e5296 Bones Alday-Ruiz and Cava-Almuzara (2009)
Los Ba~nos 2b1 GrN-21552 7740 50 6649e6472 Charcoal Utrilla-Miranda et al. (2009)
Los Ba~nos 2b3inf GrA-21551 7550 50 6481e6257 Charcoal Utrilla-Miranda et al. (2009)
Los Ba~nos 2b3sup GrA-21550 7350 50 6362e6079 Charcoal Utrilla-Miranda et al. (2009)
Mendandia IIIinf GrN-22743 7620 50 6590e6411 Bones Alday-Ruiz (2006a)
Pe~na 14 a GrN-25094 7660 90 6681e6372 Charcoal Utrilla-Miranda et al. (2009)
Pontet e GrN-16313 7340 70 6377e6063 Charcoal Utrilla-Miranda et al. (2009)
a The calibrated values are the result of the OxCal 4.2 Overlapping phases function. (https://c14.arch.ox.ac.uk/).
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Denticulates
From a stratigraphic point of view, this is the thickest occupa-
tional phase in Artusia, reaching more than 2 m (Fig. 3). The
stratigraphic units show recurring human occupations, most likely
of seasonal character. The presence of occupation ﬂoors and
hearths and the materials recovered indicate that these humanPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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j.quaint.2015.06.050occupations were very intense. There are several examples with
overlapping hearths and large quantities of ﬂint and faunal
remains.
Some of these hearths (SU 30, 33, 38, etc.) seem to be on the
occupation ﬂoors. In other cases, these structures were identiﬁed
within the occupational ﬂoor sediment levels, such as a hearth (SU
35) in SU 32 or another (SU 49) in SU 48 (Fig. 3). In general, both the.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 1. Location of Artusia rock shelter.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e234occupational levels and the hearths share a number of features. The
former present different coloured layers due to the varying occur-
rence of carbonate tufa facies sedimentation. In particular, SU 56
stands out as it is a level with abundant tufa framestones and
without archaeological materials. This persists in the following
phase (Artusia III). Another common feature of the occupational
levels is the varying presence of charcoal and archaeological
remains.
The hearths show a succession of layers with charcoal, ashes,
and rubefacted carbonate sediments (SU 33). Sometimes, below the
rubefacted sediment, there appears a layer of compacted yellowish
carbonate sediments that could be interpreted as the set-up of the
structure (SU 25, 28, 30, 38). Occasionally, these hearths showed a
pebble layer surrounding or ﬁlling the structure (SU 35, 49). As in
the previous phase, the lithics and a radiocarbon date in SU 30
(Context: Hearth; Sample: Pinus sp. charcoal; Beta-374432:
7790 ± 40 BP; 6689e6507 cal BC, 8638e8457 cal BP, Table 1,
Figs. 3 and 10) frame Artusia II within theMesolithic of Notches and
Denticulates (Alday-Ruiz, 2006b).3.1.3. Artusia III e 1st phase of the Geometric Mesolithic
From a stratigraphic and sedimentological point of view, this
phase has the features of the previous phase (Fig. 3). In general, the
characteristics of the occupation layers and the hearths are the
same. However, in Artusia III the occupations seem to be less
intense than in Artusia II. The amount of recovered materials and
the number of structures as well as their features diminish: inmany
cases they are just charcoal accumulations. Additionally, carbonate
sedimentation is much more frequent, determining thePlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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tion of Artusia.
The main difference with the previous phase relates to the
appearance of geometric microliths in the lithic industry. The
radiocarbon date of SU 20 (Context: Hearth/Charcoal accumulation;
Sample: Corylus charcoal; Beta-374431: 7680 ± 40 BP;
6598e6453 cal BC, 8547e8402 cal BP, Table 1, Figs. 3 and 10) and
the presence of geometric microliths place this phase within the
regional Geometric Mesolithic (Utrilla-Miranda and Montes-
Ramírez, 2009).
3.1.4. Artusia IV e2nd phase of the Geometric Mesolithic
From SU 9 to 18 in Sector A and SU 69 in Sector B and SU 3 in
Sector C respectively hard tufa, difﬁcult to excavate, was found. The
archaeological and structural remains are very scarce.
In those units, neither diagnostic materials nor radiocarbon
dates are present, just charcoal and faunal remains. It seems that
the occupations were less intense or the site was abandoned at this
time. The inclusion of Artusia IV within the Geometric Mesolithic is
determined by its stratigraphic location between phases III and V
(Utrilla-Miranda and Montes-Ramírez, 2009).
3.1.5. Artusia V e 3rd phase of the Geometric Mesolithic
The last phase in which Artusia was occupied corresponds to SU
2, 8 and 68, as well as to the hearth SU 100. It was detected in
Sectors B and C only (Fig. 3). This phase shows similar features to
previous phases regarding the formation and content of the occu-
pational ﬂoors (archaeological materials, charcoal) and the hearth
typology (succession of charcoal, ash and rubefacted base sur-
rounded by a layer of pebbles). Both archaeological materials and a.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 2. General mapping of the site and of the excavations areas (Coordinates in meters).
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 5radiocarbon date (Context: Occupation level; Sample: Fraxinus sp.
Charcoal; Beta-379670: 7210 ± 30 BP; 6205e6009 cal BC,
8154e7958 cal BP, Table 1, Figs. 3 and 10) frame this phase within
the Geometric Mesolithic (Utrilla-Miranda and Montes-Ramírez,
2009).
In summary, the stratigraphy in the Artusia rock shelter shows
that hunteregatherer groups repeatedly occupied this site, likely
seasonally, during the Mesolithic. However, the intensity of these
occupations was different among the identiﬁed phases. During the
occupation periods, inhabitants developed occupation soils with
excavated hearths, some surrounded by pebbles. This type of
occupation is similar to that described in nearby, contemporaneous
archaeological sites.
3.2. Lithostratigraphy and site formation processes
Artusia is encompassed in a carbonate tufa terrace that was
formed due to the aggradational evolution of a barraged ﬂuvial tufa
system (Pedley, 1990, 2009). Subsequent erosional processes
related to changes in the water availability produced the incision
and the formation of a valley-side perched outcrop that is 3.5 m
above the modern Artusia river channel.
In this section, the main stratigraphic and sedimentological
features of the depositional sequence outcropping at the Artusia
site are described and the different sedimentary processes leading
to its formation are discussed. The sedimentary sequence was
divided into eight lithostratigraphic units according to its sedi-
mentary facies (Fig. 4).
Unit 1 includes the basal 100 cm of the sequence in Sector A. It is
composed of a basal layer of dark silty clay sediments with abun-
dant archaeological remains, especially bone fragments and char-
coal (SU 65). This unit lies directly on the limestone substrate and
reach up to 70 cm thick. It has a massive fabric with scatteredPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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precipitates cement porosity (bioturbation). Above, a tufaceous
unit of intraclastic and microdetritic wackestone facies (SU 60)
includes terrigenous aggregates of the previous unit and includes a
well preserved hearth (Fig. 5b). Above this unit, a ~25 cm thick layer
of red silt with abundant charcoal fragments was deposited,
including a well-preserved hearth surrounded by limestone clasts
(SU 40) (Fig. 5a). The porosity is carbonate-cemented due to peri-
odic events of carbonate saturated water ﬂoods that led to a pro-
gressive ﬂooding of the area and the sedimentation of the overlying
tufa unit (Fig. 5c).
Unit 1 is interpreted to include ﬂoodplain sediments, clays and
silts, encompassing numerous archaeological remains derived from
intense human occupation. The basal dark unit (SU 65) is inter-
preted as a sequence of amalgamated aggrading palaeosols, with
intense human occupation. The overlaying tufaceous sediments (SU
60) indicate an increasing frequency of ﬂooding events, indicated
by the presence of a silty unit (SU40) that is ﬁnally replaced by
tufaceous sediments of Unit 2. The change from terrigenous silici-
clastic to tufaceous carbonate sedimentation indicates an
increasing input of karst water to the Artusia River.
Unit 2 is composed of ~25 cm of tufa sediments in Sector A
(overlying Unit 1) and in the base of Sector B; in the later outcrop, it
lies on the limestone substrate (Figs. 4 and 5c). The sediments are
mainly composed of centimetric layers of microdetritic and intra-
clastic wackestonewith abundant gastropod shell fragments (Fig. 4,
L.U. 2-Facies 1; Fig. 5d). Centimetre-thick crusts, phytoherm fra-
mestones (Fig. 4, L.U. 2-Facies 4) are also present. Near the top, root
bioturbation and dispersed charcoal fragments are visible.
Unit 2 represents the onset of a barraged valley bottom ﬂuvial
tufa system (Pedley, 1990, 2009). The tufa sediments correspond to
allochthonous intraclastic detrital input from the erosion and
transport of tufa precipitates upstream, and autochthonous.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 3. Artusia rock shelter proﬁles with the deﬁnition of the different phases and the location of the dated samples (black points).
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e236carbonates are formed from encrusted accumulations of plant re-
mains and the formation of stromatolitic phytoherms (Fig. 5c). The
allochthonous sedimentary phases were episodic, depositedmostly
during high-water events, indicating a possible seasonality in the
waterﬂow.
Unit 3 is composed of ~40 cm of ﬁne tufa sediments, intraclastic
and microdetritic wackestones (Fig. 4, L.U. 3-Facies 1), similar to
those of Unit 1. However, they have a higher content of up to cen-
timetric charcoal and ash fragments, including abundant inter-
bedded centimetric rubefacted red levels (Fig. 4, L.U. 3-Facies 2;
Fig. 5e) that sometimes are overlaid by ash and charcoal layers,
ﬁlling excavated hearths. This unit has abundant archaeological
remains.
Unit 3 reﬂects the cyclical deposition of sediments in a pooled
area of the river. Intraclastic allochthonous sediment was deposited
mainly in high-water conditions. The depositional sequence was
systematically interrupted by drier periods, where the archaeo-
logical area would emerge. In these relatively low-water periods isPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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amalgamated excavated hearths, with rubefacted bottoms and coal
and ash layers, as well as other archaeological remains (bone, lithic
industry, etc.). The abundant presence of human occupation levels
show a high frequency alternation of high-water humid and low-
water drier periods, probably seasonal, the human occupations
made possibly during summer.
Unit 4 is composed of ~20 cm of limestone and phytoclast fra-
mestone gravels up to 5 cm in diameter, with an intraclastic
grainstoneepackstone matrix (Fig. 4. L.U. 4-Facies 3). It has an
erosive basal contact that erodes the underlying Unit 3. The gravel
layers form ﬁning upwards sequences that ﬁnish with the sedi-
mentation of intraclastic laminated tufa layers with abundant
bioclastic fragments (gastropods) (Fig. 4, L.U. 4-Facies 1). The
archaeological content is relatively low and does not contain
rubefacted levels.
Unit 4 is interpreted as the amalgamation of channel-ﬁlling
sequences. The deposition of high-energy channel facies.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Table 2










Endscraper 1 6 1 8
Burin 2 2
Driller 1 1 1 3
Notched tools 3 5 3 3 14
Denticulate 4 7 1 1 13
Truncated tools 2 2
Geometric 6 4 10
Microburins 2 2
Scraper 3 2 1 6
Chipped piece (ecaille) 1 1 2
Total tools 15 16 16 15 62
Knapping 246 566 193 146 1151
Total remains 261 582 209 161 1213
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 7crosscutting and eroding relatively deeper facies (dammed pools)
of Unit 3 denotes a lowering of the water table and the subsequent
incision of the river channel through previous tufa sediments.
Unit 5 is ~95 cm thick, and is mainly composed of intraclastic
and microdetritic wackestone facies (Fig. 4, L.U. 5-Facies 1) with
abundant charcoal, ash and rubefacted tufa clasts. It includes
abundant rubefacted levels (Fig. 4, L.U. 5-Facies 2) originated due to
the presence of excavated hearths with occasional inﬁll of in situ
charcoal and ash. The facies 1 and 2 layers pass laterally into few
centimetre-thick and decimetre-scale wide channels ﬁlled with
limestone granules and intraclastic ﬁner sediment.
Unit 5 is similar to unit 2; the presence of intraclastic ﬁne tufa
sediments point to a low energy allochthonous detrital input
deposited in pooled areas. In low-water seasons, the margins of the
pooled area were subaerially exposed, and the waterﬂow formed
small channels. The repeated settling of human groups during the
deposition of this unit led to a sequence of amalgamated hearths of
almost 1 m thick.
Unit 6 comprises ~120 cm of intraclastic and microdetritic
wackestone tufas (Fig. 4, L.U. 6-Facies 1) with interbedded
centimeter-thick carbonate phytoherm framestones (Fig. 4, L.U. 6-
Facies 4). This unit includes scarce charcoal and ash fragments
(Fig. 5f).
The sediments of unit 6 reﬂect a ﬂuvial pooled area with
autochthonous tufa sedimentation of phytoherm framestone crusts
(Facies 4) that episodically received allochthonous sediments
(Facies 1). This sedimentation denotes submerged conditions
almost continuously, indicating wetter conditions that previous
lithostratigraphic units. The presence of scattered charcoal frag-
ments could denote the presence of human occupation areas in
nearby emerged areas.
Unit 7 is composed of ~25 cm of dark intraclastic and micro-
detritic tufa wackestone (Fig. 4). It has a high organic matter con-
tent and abundant archaeological remains (Fig. 5g). The structure is
massive with abundant root bioturbation ﬁlled by carbonate
cement.
Unit 7 represents a layer of edaphized tufa (facies 1 and 4) that
forms a palaeosol. The enrichment in organic matter and the
presence of root bioturbation point to the formation of a superﬁcial
A horizon, that embedded successive amalgamated human occu-
pation remains (Dabkowski, 2014). This unit indicates a cessation in
the tufa sedimentation, subaerial exposure, and vegetation colo-
nization of the surface that was also occupied by humans. This
processes point to a sudden drop in the karst water inﬂow and the
phreatic level that led to the incision of previous tufa sediments.
Unit 8 is composed of ~25 cm of phytoherm framestone tufa
with abundant scattered archaeological remains (fragments of
charcoal, bone, etc.) (Fig. 4). This level clogs the accommodation
space under the limestone shelter, constituting the last sediments
deposited on the tufa terrace.
Unit 8 represents the reactivation of the tufa sedimentation, the
rise of the water table and the formation of phytohrem frame-
stones. This unit overlies the paleosol forming the Unit 7, and
demonstrates the episodic nature of the water table drop and soil
formation.3.3. Lithic industries
3.3.1. Typology and technology
The total amount of elements documented in the lithic industry
is 1815 pieces (Table 2), all made of ﬂint, which is mostly local, from
a 10 km procurement area around the site. This is a common
pattern amongst the Mesolithic habitats of the Upper Ebro
Basin.Please cite this article in press as: García-Martínez de Lagran, I., et al., 8
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j.quaint.2015.06.050One third of the lithic assemblage comes from Chronological
Horizon 6, in which the signiﬁcant postdepositional alterations
observed clearly diminish the quality of the data. We recovered
1213 items attributable to four chronocultural horizons identiﬁed
throughout the sequence (Artusia I, II, III and V) (Table 2, Fig. 6).
3.3.1.1. Mesolithic of Notches and Denticulates. The two time hori-
zons belonging to this phase (Artusia I and II) are characterised by
the use of direct percussion for exploitation in the site itself with
local small-sized ﬂint nodules/tablets, greatly determining the
products obtained. The type repeatedly sought is a 3 cm long by
2 cmwide ﬂint ﬂake which is 5 mm thick. These cores are the base
of the tools made, and in over 60% of the cases, are used to make
notches and denticulates. To this end, extensive retouches con-
sisting of discontinued lines are often used, sometimes deep
retouch with step terminations and frequently inverse and alter-
nate. The need for maximum use of the ﬂint means that many of
these tools are made from fragments of ﬂakes, pointing to a con-
stant reutilisation of the bases, as well as the probable breaking up
of the ﬂakes as a result of the exploitation of the nodules or nuclei
in order to obtain a greater number of cores. Also signiﬁcant is the
presence of the cortex in a large number of tools. Many of the
features noted in Artusia are shared by other contemporary set-
tlements such as Kanpanoste Goikoa, Kanpanoste, Atxoste and
Mendandia in Alava, Berroberría, Aizpea in Navarre, or Pe~na 14 and
Legunova in neighbouring Aragon (Fig. 13).
3.3.1.2. Geometric Mesolithic phase. There is no doubt that the
geometric bases, their design and technology, characterise this ﬁnal
Mesolithic process. In Artusia, despite the scarcity of assemblages, a
certain evolution in types can be appreciated between the two
phases detected. In the older of the geometric phases, concave-
based trapezes predominate (Fig. 6c: 14e17), whereas in the ﬁnal
phase, the one completing the site's sequence, scalene-type tri-
angles appear, particularly the ogive-type, the so-called Tardenois
(Fig. 6d: 19e21), with a simple retouch on its base. This evolution
was previously detected in another site in the Upper Ebro Basin, the
Mesolithic settlement of the Aizpea Rock Shelter (Fig. 13), where
this progression in types is based on a collection providing a larger
amount of statistical basis. As regards the other types, worthy of
mention is the presence of other tools typical of these phases such
as the bladelets with continuous retouch or with notches, of the
Montbani type (Fig. 6c: 12e13). Although the ﬂint used is still, for
the most part, the same as that used in the preceding notches and
denticulates phases, with all the technological constraints implied,
laminar knapping was carried out in the same site. On the other
hand, the existence of tools (some geometric microliths) made from.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 4. Stratigraphic column of the Artusia site tufa depositional sequence. The archaeological units (A.U.), litostratigraphical units (L.U.), main sedimentary facies description and
interpretation are represented.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e238ﬂint that is not locally sourced andmore than likely notmade at the
site itself is recorded for the ﬁrst time.
The so-called Mesolithic of Notches and Denticulates was
recorded conclusively from archaeological point of view for the ﬁrstPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
Preliminary data from Artusia rock shelter (Unzue, Navarra, Sp
j.quaint.2015.06.050time in Navarre at the Artusia site. The sedimentary record provides
evidence of more than one phase. This exceptional situation will
allow us in the future to ascertain if there are transformations in the
industry's components within this broad cultural sequence, such as.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 5. Main stratigraphic and sedimentary features of the sedimentary record from Artusia site. a) Basal terrigenous to tufaceous sedimentary Unit 1. It is composed of archae-
ologically fertile basal dark coloured clayey layer (UE65), a thin tufaceous layer (UE60) and a silty massive red layer (UE 40) that is capped by tufaceous sediments of the Unit 2. b)
Microphotograph of the basal dark clayey sediments (UE65) where silty quartz grains are visible ﬂoating in a dark clayey matrix. Bone (b) and charcoal fragments (Ch) and calcite
cements (Cc) in sediments porosity are visible. Plane-polarized light view. c) Microphotograph of the contact between the terrigenous sediments (UE40) of the Unit 1 and the basal
tufa sediments of the Unit 2. Phytoherm framestone laminae drape a slightly erosive surface. Note the calcite cements in the pores of the terrigenous unit. Plane-polarized light
view. d) Intraclastic and microdetritic wackestoneepackstone tufa facies (Facies 1) from Unit 2. e) Limestone and phytoclast gravels (Facies 3) from basal erosive contact of the Unit
3. Note the hearth (h) present near the top of the Unit 2. f) Intraclastic and microdetritic tufa wackestone and laminar phytoherms from Unit 6. A Rubefacted tufa (Rb) interval (3 cm
thick) with bioturbation traces and a layer of reworked hearth derived charcoal, ash and rubefacted tufa clasts (Rh) could be observed. g) Dark coloured, charcoal and bone rich
palaeosoil (Ps) (Unit 7) interbedded between phytoherm framestones (pf) of the Units 6 (below) and 8 (above). The palaeosol unit is ~20 cm thick. (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 6. Lithic industries: A) Artusia I e 1st phase of Mesolithic of Notches and Denticulates: 1 and 4 denticulates, 2 and 3 notches, 5 scraper. B) Artusia II e 2nd phase of Mesolithic of
Notches and Denticulates: 6, 8 and 9 denticulates, 7 notches, 10 scraper and 11 chipped piece. C) Artusia III e 1st phase of Geometric Mesolithic: 12 and 13 bladelets with notch
Montbani type, 14e17 concave-based trapezes, 18 circular endscraper. D) Artusia V e 2nd phase of Geometric Mesolithic: 19e21 triangles (21 Tardenois type), 22 and 23
microburins.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e2310those detected in the geometric microliths of the end of the
Mesolithic. By this ﬁnal stage, different ways and “trends” had been
set in the lithic industries of these communities throughout the
Ebro Basin, and the occupants of Artusia were no different (Alday-
Ruiz, 2006b; Utrilla-Miranda and Montes-Ramírez, 2009).
3.3.2. Traceology
The traceological analysis has been carried out on a sample of
materials selected from the lithic assemblage on the basis of both
morphological and conservation aspects.
The analytical methodology followed a two-step procedure: 1) a
ﬁrst observation of the materials has been realized through ste-
reoscopic microscopy, using a Leica MZ16A, with magniﬁcations
between 10 and 90, in order to detect all the macroscopic evi-
dences of use (fractures, edge-scarring, roundings, etc.); 2) a second
phase at higher magniﬁcations, using the reﬂected-light micro-
scope Olympus BH2, with observations between 50 and 400, in
order to detect all the microscopic features (polishes, strias,
microfractures, etc.). Microscopic photographs have been taken
with a Canon 450D and multifocal images have beenmounted with
Helicon Focus v. 4.62.
The ﬁrst aspect to remark is that the Artusia lithic assemblage is
extremely altered; even if at a macroscopic observation only fewPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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j.quaint.2015.06.050pieces appear patinated or lustred, at amicroscopic viewalmost the
entire assemblage shows some type of surface's alteration, mainly
due to the soil mechanical weathering, which produces a rounding
of all the microtopographic high-points. A group of 40 lithics have
been analysed, including retouched implements (geometrics, ﬂake-
scrapers, denticulates, abrupt retouched tools, etc.) and unre-
touched blanks: 9 unreoutched blades; 6 unretouched ﬂakes; 9
geometrics; 1 backed tools; 3 ﬂake-scrapers; 9 notched tools; 3
denticulates. As a result of the microscopic analysis, only 9 tools
(22.5%) of the analysed assemblage present wears of use; the
remaining tools correspond to unused elements (17; 42.5%) or tools
that are too altered to be properly analysed and interpreted (14;
35%). None of the unretouched implements presented any trace of
use. Only one of the unretouched blades was too altered to be
analysed.
As regards the retouched tools, of the 9 geometrics analysed,
only one of them presents a diagnostic impact fracture: a bending
fracture on one of the two tips, which could have been produced by
use as a projectile. Of the remaining geometrics, one appears un-
used, while the other 7 show undiagnostic ﬂexion fractures, which
could have been produced either by intentional use or accidentally.
The absence of diagnostic wears does not imply that tools have not
been used; the experimentation works demonstrate that only a.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 7. 1: Scraper on ﬂake used to scrape dry skin; 2: Blade with retouch in both edges forming notches, denoting the areas used to scrape skin e left lateral e and to scrape wood e
right lateral; 3: Blade with lateral retouch and notche used to scrape bone by its right side and scrape vegetable matter on its left side; 4: Denticulate ﬂake used to scrape bone. All
photos at 200.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 11reduced percentage of microliths develop impact fractures. Frac-
tures are more frequent when the tip enters in contact with the
skeletal parts of the animals (Gibaja-Bao and Palomo-Perez, 2004).
Of the ﬂake scrapers analysed, two show use-wear traces, while
the third one is too altered to be clearly interpreted. Among the
used implements, one has been used to scrape hide using the
retouched edge as active zone (Fig. 7.1).
Notched tools comprise two blades and seven ﬂakes. Both
blades have been intensively used, with various phases of use and
reuse. The blade (Fig. 7.2) shows three different active zones, each
associated with a different worked material. On the left side, wePlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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j.quaint.2015.06.050identiﬁed two small areas which have been respectively used for
scraping dry hide and for scraping vegetal materials. On the right
side, a small portion of the distal edge has been used to scrape a
vegetal matter as well, probably wood.
The second blade (Fig. 7.3) has been used on both sides to work
different materials: the left side has been used to scrape bone or
antler, while the right one to scrape vegetal matter. In any case,
both tools were employed for brief tasks, probably crafting activ-
ities which required ﬁne and clear work. This type of tool can be
considered a versatile crafting tool, which was used and reused in
different occasions for different works depending on the needs..2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Table 3
Plant macro-remains. Number of remains (in brackets the frequency).
MN&D GM
Phase 1 3 5
n of samples 8 17 4
Fruits
Arctostaphyllos uva-ursi 10 (3) 1 (1)
Berberis sp. 1 (1)
Corylus avellana 2 (2)
Juniperus communis 1 (1)
Pistacia terebinthus 3 (2) 1 (1)
Rubus sp. 1 (1) 2 (1)
Sambucus sp. 1 (1)
Viburnum tinus 1 (1)
Fruit fragment 1 (1) 1 (1)
Seeds
Small legume 1 (1)
Ranunculaceae 1 (1)
Indet. 2 (2) 1 (1)
Cenococcum sclerotia 1 (1)
n of remains 20 5 4
n of taxa 7 3 3
Fig. 8. 1. Arctostaphyllos uva-ursi, 2. Juniperus communis, 3. Pistacia terebinthus, 4. Rubus sp., 5. Viburnum tinus, 6. Ranunculacea, 7. Berberis sp., 8. Sambucus sp.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e2312Only one of the ﬂake scrapers had clear use-wear marks. Two
have not been used at all, while the other four are too altered to be
interpreted. The used tool (Fig. 7.4) shows a marginal and compact
polish on its ventral face, probably produced by the work of a hard
material such as bone or hard wood. Finally, the three denticulate
ﬂakes have been used for various activities: two of them are used
on the retouched edge for scraping respectively bone materials and
indeterminable soft matters, while the third one showswear on the
edge opposite to the retouched side and it has been used to cut
some type of soft matter.
On the basis of the little information available, it seems that the
ﬂaked stone tools were mainly related to hunting activities and the
processing of the animal carcasses. Together with the presence of
few geometrics (which even if did not show clear traces of impact,
can be considered as projectile weapons anyway), we identiﬁed
tools related to the scraping of hides and the processing of bone-
wood materials, possibly in relation with resharpening and ﬁn-
ishing crafting tasks.
3.4. Archaeobiology
Unfortunately, despite the efforts made, the different pollen
samples from Artusia were sterile. This is due, in all probability, to
the alkaline nature of the carbonate sediments.
3.4.1. Plant remains
Despite the limited number of carpological remains found, the
information obtained helps to ﬁll in the gaps existing in the IberianPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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j.quaint.2015.06.050Peninsula regarding the exploitation of plant resources by hunter-
egatherer groups. The plant assemblage identiﬁed in Artusia is
rather poor in terms of botanical remains. The largest number of
samples comes from the ﬁrst phase of the Geometric Mesolithic
while samples recovered from the Mesolithic of Notches and
Denticulates and even in the most recent phase, are richer
(Table 3)..2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 13The material has been preserved by charring, and it includes
fruits and legumes. The most common taxa is Arctostaphylos uva-
ursi (bearberry), followed by Pistacia terebinthus, Corylus avellana,
Rubus sp. and, to a lesser extent by Juniperus communis, Sambucus
sp., Berberis sp., a Ranunculaceae, Actaea spicata which is a well-
known herb, and Viburnum tinus (Fig. 8). The way these species
entered the archaeobotanical record probably depends on various
causes. Although some species may have been consumed and
dispersed by animals (Torroba-Balmori et al., 2013), their preser-
vation by charring suggests some relation of the rock-shelter with
human activity. Determining whether they were intentionally
collected or incorporated into the archaeobotanical record as part
of fuel is, however, rather more complex. Only Juniperus and the
legumes appear in both situations, suggesting that at least some of
the taxa were intentionally collected.
Edible plants (Arctostaphylos, Pistacia, Rubus, Corylus, Juniperus,
Sambucus, Berberis and some legumes) and toxic species such as the
Ranunculaceae and Viburnum (Rivera and Obon, 1991) are the
largest groups. The constant presence of bearberry may be
explained as a result of its growing behaviour in largemasseswhich
favours its harvesting. This species, together with others such as
Viburnum tinus, points to a humid environment inwhich stony soils
are abundant allowing the development of Pistacia terebinthus
while in forested areas, holm oak and common oak developed
together with Berberis and junipers (Lopez-Gonzalez, 2004). The
presence of these various environments as suggested by the plant
remains points to a systematic exploitation of resources offered by
the nearby environment.
The archaeological record of this rock-shelter offers some pe-
culiarities. While in hunteregatherer sites, acorns and hazelnuts
are abundant resources (Zapata-Pe~na, 2000b; Aura-Tortosa et al.,
2005; Antolín-CavaTutusaus et al., 2010; Perez-Jorda, 2010), in
Artusia, acorns are absent. Wood remains of Quercus have been,
however, identiﬁed amongst the wood charcoal (Table 4). It is
likely that the scenario suggested reﬂects seasonality (Rojo-Guerra
et al., 2012) in the occupation of the site. Most remains could have
been collected at the end of the summer and during the
autumn.
A further distinctiveness is the presence of the bearberry (Arc-
tostaphylos uva-ursi), unknown in the Iberian archaeobotanical
record (Fig. 8.1). This species is, however, well represented in
French sites such as la Grotte de l'Abeurador (Vaquer and Ruas,Fig. 9. Anthracological percentage histogram of the rock shelter of Artusia. Points are relate
although it has a very low number of charred remains (n ¼ 10), because they show the sam
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traditionally consumed in various forms (dry, boiled and fried),
while their leaves have been used for tanning hides (Rivera and
Obon, 1991).
Summarizing, the study of Artusia has allowed exploring the use
that hunteregatherer groups made of plant resources. Taphonomic
factors clearly determine the presence of plant remains in the
archaeobotanical record by favouring the occurrence of faunal re-
mains which have greater visibility and preserve better. Such tapho-
nomic limitations together with the scarce application of systematic
recovery of plant remains, has led to an overestimation of the animal
resources, which does not correspond to the truth. Artusia represents
anewexample of thepossibilities offered by these types of siteswhen
sampling and recovery are systematically applied.3.4.2. Anthracology
The anthracological remains were recovered as isolated samples
(N ¼ 86) during the excavation process and with the ﬂotation
machine (N¼ 67). All were preserved by charring and only remains
bigger than 2 mm were studied. A total of 1113 elements were
analysed, of which 866 have been identiﬁed, belonging to all the
archaeological phases recognised in the Artusia sequence (Table 4).
The identiﬁed charred woods correspond to a minimum of 10 taxa.
The unidentiﬁable fragments comprise elements with altered
anatomy in which diagnostic features were not observable (i.e.,
green wood, bark, knots).
In addition to scattered charcoals present in the sediment, many
hearths were recognised throughout the sequence. Most were
formed by accumulations of ash, where no charred wood was
identiﬁable, usually due to their small size, with the exception of SU
100. Thus, as remains from hearths provided limited information
on their own, it was decided to sum those elements with dispersed
charcoals present in other stratigraphic units which probably
derive from cleaning or conditioning the space or from those same
hearths and/or reworking during high-water times (Table 4).
The best represented taxa along the entire sequence are Pinus
sp. and deciduous Quercus (Quercus petraea, Quercus robur, Quer-
cus pubescens, Quercus faginea, Quercus pyrenaica), both woods of
great quality and durability. However, opposite trends in the up-
take of these wood resources are clearly observed over time
(Fig. 9). During 1 phase of the Mesolithic of Notches and Dentic-
ulates (Artusia I) pine wood was the most used. After thatd to percentages lower than 1%. We have include the results from the 2nd phase MND,
e general trend.
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Table 4













Salix/Populus Ulmus sp. Total No id
3rd. phase GM 2 5 12 31 35 1 84 50
100* 12 6 83 101 16
2nd. phase GM 3 8 41 1 40 1 5 6 1 3 106 20
1st. phase GM 42 5 27 5 1 38 11
43 1 2 54 72 129 10
110 1 47 32 2 82 12
113 2 16 56 1 75 8
116 2 1 76 23 2 104 43
5* 2 1 3
106* 2 2 1
20* 5 1 6
2nd. phase MND 23 1
25* 5 5
30* 1 1
49* 1 3 4
1st. phase MND 65 2 6 10 91 1 1 111 75
102 1 2 3
103 3 7 2 12
7 42 23 2 403 1 356 4 11 6 3 5 3 866 247
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e2314moment, its importance begins to decrease in parallel with the
increase in the values of deciduous Quercus. Thus, in the 1 Geo-
metric Mesolithic phase (Artusia III), their values are very similar.
There is a continuous decreasing trend in the uptake of pine while
deciduous Quercus increases, being the most widely used wood in
the ﬁnal stages.
Several reasons may be responsible for this pattern. For
example, the landscape could have changed because of climate
reasons. According to various palaeobotanical records in nearby
deposits, pine forests are one of the major forest communities that
recolonize the area in the early Holocene (Pe~nalba, 1992; Zapata-
Pe~na and Pe~na-Chocarro, 2005; Ruiz-Alonso, 2014). Afterwards,
they were replaced by other formations adapted to the new envi-
ronmental characteristics of the Holocene, in a competitive process
(Costa-Tenorio et al., 2005). From this perspective, it cannot be
excluded that a specialization in sourcing strategies of wood
occurred as a result of a change in the preferences of the group who
frequented the Artusia rock-shelter. Such evolution in the uptake of
wood is not easy to demonstrate because of the absence of other
palaeobotanical records, especially palynological, which could
determine more reliably the composition of the vegetation of the
environment and its possible evolution.
The charred wood located in deposits near Artusia for this chro-
nology show a preference for deciduous wood, in most cases repre-
sented by Quercus wood, with small appearances of hazel. This is
reﬂected clearly in deposits of the Bay of Biscay (Zapata-Pe~na, 2000a,
2012; Ruiz-Alonso, 2014) and the Pyrenees (Zapata-Pe~na, 2001).
Changes in the Ebro Valley are noteworthy. In this area the substi-
tutionof pinesbydeciduousQuercuswasobserved inanthracological
studies fromothernearbysites, such asMendandia (Zapata-Pe~na and
Pe~na-Chocarro, 2005), KanpanosteGoikoa (Zapata-Pe~na,1998, 2002)
and Atxoste (Ruiz-Alonso, 2014). In addition, palynological studies
(Iriarte-Chiapusso, 1998, 2006; Sanchez-Go~ni, 2004) conclude that
the low values of pollen of pines are due to its regional origin,Table 5
Artusia rock shelter faunal remains. N: Number of remains, %D: Frequency of identiﬁed
Taxa N&DM
HC1 HC2 Total
N (NMI) N (NMI) %D
Horse 2 (1) e <1
Auroque 6 (1) 2 (1) 3
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The rest of the identiﬁed taxa: riparian forest communities with
ash, Salix/Populus, elms and hazels show low values. In addition, the
diagram shows the presence of Rosaceae, juniper, and evergreen
Quercus, clearly linked with Mediterranean landscapes (Table 4 and
Fig. 9).
3.4.3. Faunal remains
The total faunal assemblage recovered from Artusia comprises
3020 remains. 78% of the sample derives from two horizons asso-
ciated with the Mesolithic of Notches and Denticulates, Artusia I
and II, while the remaining 22% corresponds to the three horizons,
Artusia III, IV and V, related to the Geometric Mesolithic. The largest
accumulation of identiﬁed specimens was recorded in Artusia I
(Table 5). Notwithstanding, the assemblage is dominated by small
unidentiﬁed bone splinters, usually less than 2 cm in length. The
fact that 60% (206/348) of the identiﬁed remains are teeth shows
the high fragmentation and strong taphonomic alterations the
material went through after deposition. The signiﬁcant proportion
of burnt bones in Artusia II (48%) and Artusia V (49%) relates to the
presence of hearths, which in turn indicates the anthropogenic
origin of most of the assemblage. Butchery marks were visible on
four bones: two unidentiﬁed splinters (SU 65), a mandible frag-
ment (SU 27) and a large-sizedmammal long bone fragment (SU 3).
The only remain with carnivore tooth puncture marks was the
proximal epiphysis of a large-sized mammal ulna from Artusia II
(SU 28-49-66). In sum, the reduced number of identiﬁed remains
and their poor preservation hinder the recognition of the hunting
and subsistence strategies followed by the hunteregatherer groups
that occupied this site, its functionality as well as the season of the
year inwhich they gathered here. However, the variety of identiﬁed
taxa is similar to that from other contemporary nearby sites with
larger samples (Table 5).taxa; NMI: Minimum Number of Individuals.
GM
HC3 HC4 HC5 Total
N (NMI) N (NMI) N (NMI) %D
e 3 (1) e 7
e e 1 (1) 2
.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
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Table 5 (continued )
Taxa N&DM GM
HC1 HC2 Total HC3 HC4 HC5 Total
N (NMI) N (NMI) %D N (NMI) N (NMI) N (NMI) %D
Red deer 5 (1) 4 (1) 3 1 (1) 5 (1) 6 (1) 28
Roe deer e e e e 1 (1) 5 (1) 14
Goat 1 (1) e <1 e e e e
Chamois e e e e 12 (1) e 28
Wild boar 2 (1) 1 (1) 1 e 1 (1) 2 (1) 7
Rabbit 224 (8) 44 (3) 90 4 (1) 1 (1) e 12
Canidae e 1 (1) <1 e e e e
Fox e e e e e 1 (1) 2
Wild cat 5 (2) e 2 e e e e
Total identiﬁed 245 (15) 52 (7) 100 5 (2) 23 (6) 15 (5) 100
Total unidentiﬁed 1436 518 171 105 441
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 15The recorded species of ungulates are: horse (Equus sp.), auroch
(Bos primigenius), red deer (Cervus elaphus), roe deer (Capreolus cap-
reolus), goat (Capra pyrenaica), chamois (Rupicapra rupicapra) and
wild boar (Sus scrofa). Since the Upper Palaeolithic, subsistence of the
human communities from the Iberian Peninsula was based on the
huntof thesespecies. Therewasnoevidenceofanydomesticates. Two
carnivores, fox (Vulpes vulpes) and wild cat (Felis silvestris), and one
lagomorphs, rabbit (Oryctolagus cuniculus) complete the faunal
spectrum recovered. The latter is the most abundant taxon in the
MesolithicofNotchesandDenticulates phase, notonlyby thenumber
of remains (N) but alsoby theMinimumNumberof Individuals (MNI),
while red and roedeer arenotable in the small sample recovered from
theMesolithicGeometric phase. In that phase therewas a decrease in
the faunal spectrumthatwasparticularly noticeable inArtusia III. The
signiﬁcant reduction in the minimum number of individuals recov-
ered (22 in the Notches and Denticulates phase vs 13 in phase Geo-
metricMesolithic) ismirrored by the loss of the previous biodiversity
(Table 5). Furthermore, the absence of horse and rabbit and the
occurrence on site for the ﬁrst time of roe deer may suggest the
exploitation of slightlymore forested biotopes inArtusia V than in the
previous horizons, although it might have been a more open forest
than inArtusia Iwhenwild catwaspresent. No signof skinprocessing
ormeat consumption of this taxonwasnoted (Crezzini et al., 2014). In
conclusion, over the whole sequence red deer dominates, but it is
evident there was a gradual shift from the exploitation of large to
smaller ungulates.
Hunting of young animals are documented in the case of auroch
and wild boar, as milk teeth of both species were recovered. The
size of two deciduous lower fourth premolars of auroque from
Artusia I and II are within the range recorded by Casta~nos-Ugarte
(2006) in the nearby site of Mendandia (Fig. 13). The initial stage
of wear of both teeth shows that they belong to individuals be-
tween 6 months and one year of age. As the sample is so small, it
does not seem suitable to use this data in order to establish the
season of the year these animals were hunted. However, their re-
covery together with that of an auroch third permanent molar and
two red deer lower premolars in an advanceworn stage in Artusia V
suggest hunting strategies might have focused on the most
vulnerable age groups: young and old animals.
4. Discussion and conclusions
4.1. Palaeoenvironmental evolution and climatic context
Carbonate tufa sedimentation occurs from surﬁcial karst water
courses ﬂowing from karst aquifers, as is the case in the Artusia
River, fed by numerous springs in the Palaeocene limestones of the
Alaitz range. Tufa often consists of deposits accumulated in thePlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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complex processes within hydrological systems (Pentecost, 2005).
Fluvial tufas form under humid and relatively warm environmental
conditions from aggressive solute free and low terrigenous load
water (Pedley, 1990; Pentecost, 2005). They play an important
environmental role, as their establishment forms new marsh or
pond ecosystems in the valley bottoms. These wetland areas are
very sensitive to climatic oscillations (e.g. Andrews, 2006; Viles
et al., 2007; Gonzalez-Amuchastegi and Serrano, 2015; Ibarra
et al., 2015), being extremely fragile depositional environments
that respond rapidly to changes in both natural and anthropically-
induced environmental dynamics. The calcareous tufas are there-
fore key elements in reconstructing and understanding the palae-
oenvironmental evolution and its climatic controls and/or human
impacts (Dabkowski, 2014). In Artusia, the paleoenvironmental
value is joined by the archaeological, with a Mesolithic archaeo-
logical record with an exceptional temporal resolution due to the
high sedimentation rates of the tufa system.
Considering the sedimentological features and depositional
processes inferred from the different lithostratigraphic units of the
Artusia site, the following evolutionary sequence could be deduced:
the establishment, at ca. 7500 cal BCe9000 cal BP, and aggradation
of a ﬂuvial barraged tufa system (Units 2e7) over previous silici-
clastic ﬂoodplain sediments (Unit 1) (7450e7150 cal BC e
9400e9100 cal BP). During the deposition of the tufa system a
progressive rise of the water table resulting in pooled ﬂuvial areas,
with a marked seasonality occurred. The waterﬂow seasonality
controlled the periodical subaerial exposure of pool-shores during
low-water seasons (Unit 2 and 5). A general tendency to more
humid and higher water levels that progressively reduced the time
and the extent of emerged (archaeological occupation) areas is
observed (Unit 6). However, this evolution is interrupted by two
arid events, lowering the water table, and leading to a lower sedi-
mentary rate and even the incision and erosion of the underlying
tufa deposits (Unit 4) (ca. 6550 cal BCe8500 cal BP) and the for-
mation of paleosoils (Unit 7) (ca. 6250 cal BCe8200 cal BP). The
archaeological area corresponds to the shore of a pooled area that
was situated under a limestone shelter, and was occupied by sea-
sonal settlements of Mesolithic human groups in summer times.
Finally, after Unit 8 sedimentation, a progressive lowering in the
water level during Middle and Late Holocene caused the incision
and erosion of nearly all previous tufa deposits and the formation of
the tufa terrace where Artusia is located.
In the Mediterranean-transitional low mountain environment
of the North Iberian Peninsula where the Artusia site is located,
there are numerous tufa buildups in bottom valleys and slopes
(Vazquez-Urbez, 2008; Gonzalez-Amuchastegui and Serrano, 2013,
2015; Gonzalez-Martín and Gonzalez-Amuchastegi, 2014)..2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
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mountains and valleys of the Upper Ebro. Nevertheless, recent
synthesis works of different studies of marine to continental re-
cords from, both the Cantabrian Mountains and Ebro Valley make it
possible to suggest a general approximation of climatic evolution in
the study area (Gonzalez-Samperiz et al., 2008, 2009; Sancho et al.,
2008; Gonzalez-Amuchastegui and Serrano, 2015).
The archaeosedimentary record of Artusia site encompasses the
Early Holocene landscape evolutionary phases described in
Gonzalez-Amuchastegui and Serrano (2015) based on tufa system,
vegetation, and human impact evolution. In their Phase 2, from Late
Glacial and during the Preboreal, an Atlantic mixed forest of Pinus
and Betula landscape with wet, warm conditions developed. This
was the context for the establishment of the Artusia tufa system
(Unit 2), the warmer and more humid conditions increased the
karst water availability for the tufa formation, replacing the
terrigenous siliciclastic ﬂuvial sedimentation (Unit 1).
From 8300 cal BP (6350 cal BC), organic levels attributed either
to edaphic horizons, erosion and accumulation in the valleys or to
ﬁres are recorded in the tufas lithostratigraphic records, accom-
panied with a generalized sharp fall in arboreal percentages
together with the expansion of grasses (Gonzalez-Amuchastegui
and Serrano, 2015, their Phase 3). Both in the Cantabrian margin
and the central Ebro Basin, a phase of marked dryness and cooling
has been reported (García-Amorena et al., 2008; Sancho et al.,
2008; Gonzalez-Samperiz et al., 2009; Mu~noz-Sobrino et al.,
2009; Moreno-Caballud et al., 2011; Gonzalez-Amuchastegui and
Serrano, 2015). This phase is interpreted as the landscape response
to an abrupt climatic Boreal event that brought on an erosional
crisis, organic accumulations, open forests of conifers and decidu-
ous trees and a decrease in water availability that affected the
vegetation resources and led to subsequent animal migration,
degrading the basis for the hunteregatherer type of life (Sancho
et al., 2008; Gonzalez-Samperiz et al., 2009; Gonzalez-
Amuchastegui and Serrano, 2015).
The Artusia site comprises an outstanding archaeosedimentary
record for this abrupt climatic event. The high sedimentary rate of
the tufa system allowed an extended record of the 6450 to 6150 calFig. 10. Mesolithic of Notches and Denticulates and Geometric Mesolithic 14C modelled pha
(red). The dates are listed in Table 1. (For interpretation of the references to colour in this
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the Mesolithic archaeological record. The 8.2 ka BP event is marked
by an organic horizon comprising a paleosol (Unit 7) interpreted as
an abrupt, dry and brief change on the hydrological dynamics of the
tufa system, changing from aggradation to incision and thus
creating vegetated emerged areas where soil formation occurred.
Geometric Mesolithic human groups occupied this palaeosol.
Moreover, in the Artusia site sedimentary record, a previous similar
dryness event is detected at ca. 8.5 ka (Unit 4) (Fig. 4). This aridity
event was controlled by similar environmental changes but it was
less intense. An abrupt fall in water availability implied the incision
of the tufa system but not to the same intensity as the later event.
Afterwards, the system progressively recovered its humidity (Units
3 and 4) until the onset of the 8.2 ka BP event.
Therefore, the Artusia site record includes an organic horizon
and a vegetation and hydrological response that coincides chro-
nologically with the 8.2 ka BP event, an abrupt, cold, dry and brief
change in time recorded on a global scale (Alley and Agústsdottir,
2005; Kobashi et al., 2007). Moreover, the high-resolution of the
Artusia record indicate that this arid event was preceded by
another short-duration, ca. 100 y, arid event at ca. 6550 cal
BCe8500 cal BP that marks the transition between major Meso-
lithic phases. It is proposed that the Mesolithic techno-typological
transition, at least in Artusia, roughly coincided with the 8.2 ka
major arid climatic event. In greater detail, as it is possible to
observe in Artusia, it coincided with a previous arid event at ca.
6550e6450 cal BC e 8500e8400 cal BP (Fig. 10).
4.2. Artusia in the regional Mesolithic framework
The Artusia rock shelter ﬁts perfectly into the general sequence
of the Mesolithic in the Ebro Basin, and shares several character-
istics present in other contexts with the same chronology (Alday-
Ruiz, 2006a,b,c; Utrilla-Miranda and Montes-Ramírez, 2009;
Utrilla-Miranda, and Mazo-Perez, 2014):
The type of settlement and its location: a constant aspect of the
period is the occupation of small rock shelters used for specialised
activities, mainly hunting. These settlements are located inses (grey) with Artusia dates (blue) and the 8.5 ka BP event (green) and 8.2 ka BP event
ﬁgure legend, the reader is referred to the web version of this article.)
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valley, in narrow passes) near differentiated biotopes providing
access to a large variety of animal and vegetable resources. Artusia
is no exception, as it is located at the foot of the Alaitz mountain
range and Pe~na de Unzue and close to the ﬂatter lands of the
Pamplona Basin and the Ebro Valley, and near a constant water
source (Fig. 1).
These sites were occupied on a seasonal basis and Mesolithic
groups developed a wide range of activities, with the hunting of
ungulates being of particular importance (Casta~nos-Ugarte, 2006;
Alday-Ruiz, 2006b; Utrilla-Miranda and Montes-Ramírez, 2009)
(Table 5). The paleobotanical remains and certain characteristics of
the faunistic remains in Artusia have an impact on this question of
seasonality and the hunting of ungulates, mainly in summer and
autumn.
The Mesolithic phases are determined by the evolution of the
lithic industry. In the case of Artusia, we have found no contexts
belonging to the Laminar Mesolithic (the earliest stage of the
regional Mesolithic) but we have found some from the Mesolithic
of Notches and Denticulates and the Geometric Mesolithic. More-
over, Artusia's limited, though representative, lithic collection af-
fords us a clear view of different moments in these phases. Apart
from these data, traceology has helped to explore the site's nature
which is closely related to hunting (also seen in other contexts),
although evidence is scarce (projectiles, hide treatment, etc.) due to
the poorly preserved sample.
As can be appreciated in Figs. 10 and 11, the dates place Artusia
within the framework of the regional Mesolithic and certain
climate events. Although, quantitatively speaking, the archaeolog-
ical remains in Artusia are not very signiﬁcant, the paleoenvir-
onmental data obtained in conjunctionwith radiocarbon dating put
this Navarre site at the centre of the debate on the climatic and
(pre)historical evolution of the Mesolithic in the Ebro Basin.
4.3. Climate events and the Mesolithic in the Ebro Basin: causes for
explaining the archaeological record
Two different, though chronologically close, climate events were
identiﬁed in the Artusia's sedimentary record: the 8.5 ka BP event
(ca. 6550e6450 cal BC e 8500e8400 cal BP) and the 8.2 ka BP
climate event (ca. 6300e6140 cal BC e 8250e8090 cal BP) (Fig. 10).
The precision of these data obtained in the Artusia rock shelter for
the ﬁrst time allows us to relate these environmental changes to
evolutionary hypotheses regarding theMesolithic in the Ebro Basin.
We are aware that these are preliminary hypotheses and that
certain aspects of our analysis will need to be explored from new
perspectives with a larger amount of data. For instance, in the
future, the evolution of faunal remains will need to take into ac-
count questions related to the different levels of conservation of
remains, the minimum number of individuals or the analysis of the
greater or lesser occupation intensity on the basis of how the
hunted prey is processed.
4.3.1. Change from the Mesolithic of Notches and Denticulates to
the Geometric Mesolithic?
This is one of the questions that has intrigued researchers on the
Mesolithic in recent years. Fig. 11 shows how the identiﬁed dry
event occurs in the transition period between the Notches and
Denticulates phase and the Geometric phase. The start of the
Geometric Mesolithic is delayed with respect to this event. This is
indicated by the oldest radiocarbon dates at the start of this period
and their considerable calibrated gaps, speciﬁcally for Angel 1 8c
and Aizpea I (Fig. 11 and Table 1). It is logical to think that future
radiocarbon dating will provide more precise model dates and
phases which, according to available data, is very likely to point toPlease cite this article in press as: García-Martínez de Lagran, I., et al., 8
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(6598e6453 cal BC e 8547e8402 cal BP), there is a certain faunal
impoverishment, which could be caused by this event (Table 5).
Depending on their chronology (Fig. 11), pollen data from other
sites likewise suggest the existence of this 8.5 ka BP event at a
regional level. In Mendandia, from level III-inferior, a change is
appreciable in the dynamics of the plant environment with a
downward trend in tree cover. These changes in Mendandia's
vegetation environment in a succession of samples that are not far
apart in time (the time frame covered would be approximately
1500 years), are strikingly abrupt (Iriarte-Chiapusso, 2006). These
deforestation processes are likewise detected in the site of Los
Ba~nos where the regression of the tree mass in favour of herba-
ceous plants can be appreciated in this time frame (Utrilla-Miranda
and Rodanes, 2004).
Consequently, Mesolithic groups were possibly faced with a
scarcity of prey in an increasingly open environment (aridity and
deforestation), which required forms of hunting to be adapted to
suit this new environment: the projectile points made using geo-
metric microliths. Therefore, this technological change, which is
not exactly abrupt (Cava-Almuzara, 2004a,b), could be explained by
adaptation to a new environment determined by this 8.5 ka BP
environmental change and the subsequent 8.2 ka arid event.
4.3.2. The 8.2 ka BP event: we still are looking at the sky, while
walking on the earth …
Abundant bibliography has been created on this climate event in
recent years. It has likewise been related to historical processes in
the continent as a whole, such as the Neolithisation of Europe (for
example: Berger and Guilaine, 2009), and also in the Iberian
Peninsula, for example, in Valencia, where Lopez-Saez et al. (2008:
71) recorded the incidence of this event in the absence of stratig-
raphies during the MesolithiceNeolithic transition, as seen, for
example, in the La Falguera rock shelter.
With regard to the Ebro Basin, we would mention works by
Gonzalez-Samperiz et al. (2009) and Utrilla-Miranda et al. (2009),
both of which focus on the consequences of this climatic phe-
nomenon for the Neolithisation of the Aragon region, and, by
extension, of the Ebro Basin. According to these authors, the weak
environmental balance of lower Aragon led to the area being
abandoned in the period from 6250 to 5750 cal BC e 8200 to
7700 cal BP and re-occupied between the following 500 and 1000
years, coinciding with the C phase of the regional Mesolithic to
Neolithic transition.
Artusia's record reveals that the arid conditions and deforesta-
tion are more extreme during this climate event (8.2 ka BP). In
other nearby contexts, the possible consequences of the 8.2 ka BP
event can be appreciated in the pollen record. Apart from the data
on peat and natural deposits (Perez-Díaz, 2012), in Kanpanoste
Goikoa a drop in tree cover is evident around 6450e6000 cal
BC e 8400e7950 cal BP (Iriarte-Chiapusso, 1998), although in this
case, we must be cautious because of the stratigraphic circum-
stances of the sequence. Similarly, at level 4 in Botiquería, a
moment of climate transition is evident in the fact that the vege-
tation ecosystems tend to become more open (Lopez-García et al.,
1991) (Fig. 11).
We are therefore dealing with a series of data that demonstrate
themore than probable incidence of the 8.2 ka BP climate event and
its arid conditions, seasonality, cold and deforestation during the
Mesolithic in the Ebro Basin. This incidence is clear if we analyse
the evolution of the hunteregatherer groups in a global fashion
through this phase.
During the Laminar Mesolithic, Mesolithic of Notches and
Denticulates and the initial part of the Geometric Mesolithic, up to
approximately 8050e7950 cal BP e 6100e6000 cal BC, there is a.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Fig. 11. Calibrated dates of several sites cited in the text: Black boxes: contexts with palynological data; Purple boxes: second Geometric Mesolithic levels with a drop in their
occupation intensity regarding to the ﬁrst Geometric Mesolithic levels in each speciﬁc site; Green box: the 8.5 ka BP event; Red box: 8.2 ka BP event. (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 12. Archaeological contexts and site evolution during the Mesolithic in the Ebro Basin.
I. García-Martínez de Lagran et al. / Quaternary International xxx (2015) 1e23 19progressive intensiﬁcation and exploitation of the territory in the
Ebro Basin. Subsequently, there is a gradual decrease in the use of
these sites and they practically disappear with the onset of the
Neolithic.
This afﬁrmation is made on the basis of the following
arguments:Fig. 13. Map of the main sites mentioned in the text: 1) Artusia (Unzue, Navarra); 2) Mendan
Goikoa (Vírgala, Alava); 5) Berroberría (Urdax, Navarra); 6) Aizpea (Aribe, Navarra); 7) Legun
Guilanya (Solosones, Lerida); 11) Cabezo de la Cruz (La Muela, Zaragoza); 12) Agut (Capel
Monrsant, Tarragona); 15) La Cativera (El Catllar, Tarragona); 16) Costalena (Maella, Zaragoz
Los Ba~nos (Ari~no, Teruel); 20) Angel 1 and 2 (Ladru~nan, Teruel).
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j.quaint.2015.06.0501) The progressive increase in the number of sites and contexts
throughout this period (Barandiaran-Maestu and Cava-
Almuzara, 2001: 521; Alday-Ruiz, 2002: 87; Cava-Almuzara,
2004a,b: 22e23; García-Martínez de Lagran, 2008). As shown
in Fig. 12, this increase is very clear in the early stages up to the
Geometric Mesolithic.dia (Saseta-Trevi~no, Burgos); 3) Atxoste (Vírgala, Alava); 4) Kanpanoste and Kanpanoste
ova (Biel, Zaragoza); 8) Pe~na 14 (Biel, Zaragoza); 9) Forcas II (Graus, Huesca); 10) Balma
lades, Barcelona); 13) Molí del Salt (Vimbodí, Tarragona); 14) El Filador (Margalef de
a); 17) El Pontet (Maella, Zaragoza); 18) Botiquería dels Moros (Mazaleon, Teruel); 19)
.2 ka BP paleoclimatic event and the Ebro Valley Mesolithic groups:
ain), Quaternary International (2015), http://dx.doi.org/10.1016/
Table 6
The data are total quantiﬁcations of remains, respectively in each cell: Lithic remains/Lithic instruments/Faunal remains. Red numbers indicate a drop in the number of variable
remains with respect to previous level; “-“ means that there are no data or unpublished data; “/” means direct stratigraphical relation-contact between the adjacent levels-
cells. Deﬁnitions of levels: LM: Laminar Mesolithic; MN&D:Mesolithic of Notches& Denticulates; GM: Geometric Mesolithic; N: Neolithic (There are kept the deﬁnitions given
by every researcher/excavator in every site). Aizpea: Faunal remains: Levels I and II. GM1-level I; GM2-level II; N1-level III. (Barandiaran-Maestu and Cava-Almuzara, 2001.
Angel 1: MN&D1-level 8d; GM1-level 8b inf; GM2-level 8c; N1-8b sup; N2-8a (Utrilla-Miranda et al., 2003). Artusia: N&DM1: Artusia I; N&DM2: Artusia II; GM1: Artusia III;
GM2: Artusia IV and GM3*: Artusia V; Atxoste: Approximate values. LM1-levels e, e2 y VII; MN&D1-VI; MN&D2-V; GM1-level IV; GM2-level IIIb2 (Alday-Ruiz, 2002). Ba~nos:
“Dentro del paquete 2b3 que denominamos generico, el 90% de los efectivos corresponderían al level 2b3 inferior, ya que la superﬁcie excavada perteneciente al 2b3 medio y
superior fue mínima e Utrilla-Miranda and Rodanes, 2004: 17. MN&D1-level 1bþ2b1þ2a; GM1-levels 2b2þ2b3 infþ2b3 generico; GM2-level 2b3 medþ2b3 sup (Utrilla-
Miranda and Rodanes, 2004). Botiquería: GM1-level 2; GM2-level 4; N1-level 6; N2-level 8 (Barandiaran-Maestu, 1978). Costalena: MN&D1-level d; GM1-level c3; N1-
level c2; N2-level c1 (Barandiaran-Maestu and Cava-Almuzara, 1989). Forcas II: MN&D1-level Ib; GM1-level II; GM2-level IV; N1-level V; N2-Level VI (Utrilla-Miranda and
Mazo-Perez, 2014, p.181; 182: tabla 10; 183: tabla 11; 308: tabla 1;Kanpanoste: MMD1-nivel Lanhi; MMD2-nivel Lanhs; N-Clag (Cava-Almuzara, 2004a,b), *Faunal remains of
MMD1 and MMD2 is uniﬁed. Kanpanoste Goikoa: MN&D1-level IIIinf; GM1-level III; N1: level deﬁned as Mesolithic/Neolithic/Chacolithic. (Alday-Ruiz, 1998). Mendandia:
ML-level V;MN&D1-level IV; GM1-level IIIinf; N1-level IIIsup; N2-level II (Alday-Ruiz, 2006b). La Pe~na: in the reference the authors deﬁne themedium and lower third of level
d as Geometric Mesolithic and upper third of level d and level d superior as Neolithic. GM1-level d; N1-level d superior (Cava-Almuzara and Beguiristain, 1991e1992). Els
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along the Mesolithic sequence, and its subsequent drop.
Table 6 presents quantiﬁcations of archaeological remains:
lithic remains, lithic instruments, and faunal remains. Due to
the different types and quantities of published information
on every context it has not been possible to realize other
analyses (densities, distributions, etc.) with these variables.
Nevertheless, in our opinion, these data are sufﬁcient to
show a clear trend in the intensity of Mesolithic occupation
in this territory and in every site. A clear drop in these var-
iables in the last Geometric Mesolithic contexts and the
following contexts with Neolithic elements or in fully
Neolithic time frames such as Atxoste or Botiquería (from
5400e5300 cal BC to 7350e7250 cal BP) (García-Martínez de
Lagran, 2014). However, in some sites this drop occurs be-
tween the ﬁrst and second levels of the Geometric Mesolithic
(e.g. Atxoste, Ba~nos, Botiquería, and in the fauna of Forcas II:
Fig. 11), which would have signiﬁcant implications for the
interpretation of this evolution. In some cases, such as Aizpea
IeII, Ba~nos 2b1e2b3sup or Botiquería 2e4, this could be due
to the 8.5 ka BP event, whereas, in others, chronology relates
them to the 8.2 ka BP event: Atxoste IV-IIIb2 (Fig. 11 and
Table 6).
Within this group, Artusia merits a separate comment. The
evolutionary pattern of this site is different and the increase that
takes place in Geometric Mesolithic 3-Artusia V is striking,
although it is true that a larger surface area was excavated and,
moreover, following work on Artusia IV where lithic materials were
not found (Section 3.3). Another important characteristic is the
drop between Artusia II and Artusia III, which could be related to
the 8.5 ka BP event.
What can be deduced from these data is that, following the
8.5 ka BP event, and particularly after the 8.2 ka BP event, there is a
progressive drop in the intensity of the occupation of specialised
hunteregatherer settlements. As a hypothesis, we could suggest
that these consecutive events would have had several direct con-
sequences, e.g. a possible drop in the number of available prey and,
therefore, a drop in the intensity of occupation of these rock shel-
ters dedicated mainly to hunting and related activities. That said,
these pulses of dryness and cold could have altered the subsistence
strategy of these groups, affecting the degree of importance of
hunting, on the one hand, and gathering, on the other, in their
exploitation of the environment. Similarly, the development of
geometrics could have been a form of adaptation to this new more
open environment which would have required fresh strategies and
new technologies for projectile points. The latter likewise appear to
have undergone evolution, as can be seen in Artusia and in other
contexts (Utrilla-Miranda and Montes-Ramírez, 2009), possibly
conditioned by the quest for greater effectiveness in hunting.
From the socio-economic point of view, it is possible that a
combination of all these paleoclimatic and historical circumstances
resulted in the development of some kind of social complexity
among these hunteregatherer groups. On the one hand, a period of
economic growth can be appreciated in the progressive intensiﬁ-
cation of the exploitation of the territory thanks to a broad spec-
trum economy, both planned and diversiﬁed, as demonstrated by
the increase in the variables. On the other, and coinciding with the
8.5 ka BP and 8.2 ka BP climate events, there may have been a crisis
period. In the ﬁrst case, the agency models for developing this
complexity could have emerged, and, from 6550 cal BC to 8500 cal
BP, the management or crisis models (Arnold, 1993; Wiessner,
2002; Prentiss et al., 2007), as has recently been suggested
(García-Martínez de Lagran, 2008).Please cite this article in press as: García-Martínez de Lagran, I., et al., 8
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relation to the Neolithisation process in this region. Occasionally,
the presence in certain contexts of Neolithic elements, such as
pottery, together with these environmental characteristics
(fundamentally a decrease in the tree cover and the discovery of
ruderal plants) has been interpreted as signs of anthropisation in
the ﬁrst half of the VI millennium cal BCeVIII millennium cal BP.
These data would provide evidence of a Neolithisation process
which would be relatively early and progressive in its evolution
and chronology (e. g., Mendandia or Kanpanoste Goikoa; Alday-
Ruiz, 2002, 2006a,b; Utrilla-Miranda and Montes-Ramírez,
2009; Alday-Ruiz et al., 2012; García-Martínez de Lagran, 2014,
2015). In this respect, it would seem obvious, particularly in
more recent levels at these sites, that the decrease in the in-
tensity of occupation of a settlement specialising in hunting
would be related to the progressive consolidation and imposition
of forms of food production. Consequently, these levels are not
deﬁned as “Mesolithic with Neolithic elements” but rather as
“Neolithic”. Could these environmental characteristics be a
continuation of the change we are suggesting from the Geo-
metric Mesolithic (8.5 and 8.2 ka BP events) and not a human
intervention or the beginning of production practices? If that is
the case, it would imply delaying the Neolithisation process and
the establishment of production practices until between
5700e5600 and 5400e5300 cal BC e 7650e7550 and
7350e7250 cal BP (Rojo-Guerra et al., 2008, 2013; García-
Martínez de Lagran, 2014, 2015).Acknowledgements
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